INTRODUCTION
The eukaryotic cell nucleus is highly organized to tightly control and coordinate gene expression. This picture has emerged from fluorescence in situ hybridization and immunocytochemical studies, showing that chromosomes occupy distinct territories within the nucleus and that many of the nuclear factors that play a role in transcription and RNA processing are compartmentalized in nuclear bodies, as reviewed by Lamond and Earnshaw (1) . The chromosome territories contain regions in which the degree of chromatin condensation varies. Transcriptionally active genes have been shown to be located at the borders of the condensed chromatin regions to have access to the transcription, RNA processing and transport machinery (2, 3) . Nuclear bodies, like coiled bodies, PML bodies and speckles may then serve as preassembly sites of the components of this machinery or as storage sites from which factors are recruited to active genes (4, 5) . Alternatively, or additionally, transcription and RNA processing complexes may be functional at these sites (6) .
To relate the spatial organization of nuclear components to functional activities the dynamic behaviors of DNA, RNA and proteins need to be studied in living cells. Various strategies for in vivo labeling of DNA, RNA and proteins have been proposed. DNA can be labeled by the transient incorporation of fluorescent nucleotides during replication, which results in a partial labeling of chromatin in successive cell generations (7) . Proteins can be tagged with the spectral variants of the green fluorescent protein (GFP) and their dynamic behavior can be analyzed by time-lapse experiments and by fluorescence redistribution after photo bleaching (FRAP) (8, 9) . More recently, Tsukamoto et al. (6) described a system to visualize a gene and its protein product in living cells. To detect the various RNA classes in living cells, several approaches have been developed (reviewed in 10-13). Ainger et al. (14) injected in vitro transcribed fluorescent RNAs, which act as duplicates of endogenous RNAs, and studied their localization upon delivery into cells. As an alternative, mRNA was visualized using GFP as a fluorescent tag on the RNA-loop binding protein MS2 (15) (16) (17) . In addition to these two methods, in vivo hybridization methods were used that are based on the annealing of short antisense fluorescent probes to specific cellular RNAs. In most studies, short linear DNA oligonucleotides (20-40 bases) were used (18) (19) (20) (21) . As an alternative, Carmo-Fonseca et al. (22) described the use of 2′ O-Methyl (2′ OMe) RNA and 2′ O-allyl RNA probes for the detection of small nuclear RNAs. 2′ OMe RNA probes were considered to perform better then DNA oligonucleotides because they are not only nuclease resistant, but also possess a higher affinity, increased specificity, faster hybridization kinetics and a superior ability to bind to structured targets compared to DNA oligonucleotides (23, 24) . Recently, so-called molecular beacons were introduced for RNA detection in living cells (19, 25) . Molecular beacons are hairpin-shaped oligonucleotide probes that fluoresce only upon hybridization (26, 27) . The rationale for using molecular beacons to detect RNAs in living cells was to improve *To whom correspondence should be addressed. Tel: +31 71 527 6278; Fax: +31 71 527 6180; Email: c.molenaar@lumc.nl signal-to-noise ratios by eliminating fluorescence signals derived from non-hybridized probe sequences. In order to come to a generally applicable technique for the detection of RNAs in living cells, we systematically evaluated the performance of linear probes and molecular beacons synthesized both from DNA and 2′ OMe RNA monomers. The RNA targets detected were two small nuclear RNAs, U1 snRNA and U3 snRNA, ribosomal RNA of the 28S ribosomal subunit, poly(A) RNA and a specific mRNA, the mRNA encoding the human cytomegalovirus immediate early antigen (HCMV IE) in transformed rat fibroblasts. We demonstrate that of the four probe types tested, linear 2′ OMe RNA probes are the most suitable for specific detection of these RNAs, representing different classes of RNA, in the nuclei of living cells. Under the conditions used, molecular beacons did not result in images with improved signal to noise ratios, thereby leading to better detection sensitivity.
MATERIALS AND METHODS

Probes
For the various RNA targets described, probes were selected on the basis of sequences in the NCBI genome database.
Single-stranded regions or partly single-stranded regions in the secondary RNA structure for U1 snRNA and U3 snRNA (28) were targeted. They were varied in length, structure and nucleotide modification. Sequences and GenBank IDs are listed in Table 1 . DNA oligonucleotides were synthesized using standard phosphoramidite chemistry and purified by HPLC. 2′ OMe RNA probes were synthesized using standard 2′ OMe phosphoramidite monomers. For linear probes fluorescent dyes were covalently linked to the 5′-end via a succinimidyl ester derivative (Molecular Probes, Eugene, OR). Molecular beacons were synthesized automatically with the 3′-4-dimethylaminoazobenzene-4′-sulfonyl (dabcyl)-quencher linked to the solid phase support (DABCYL-CPG, Glen Research, Sterling, VA). Oligonucleotide chain elongation was performed via standard cyanoethyl-phosphoramidite chemistry and fluorophores were covalently linked to the 5′-end via iodoacetamide (Molecular Probes) or phosphoramidite derivatives (Glen Research) following release from the solid support. All 2′ OMe RNA probes were purified twice by reverse phase HPLC with a Waters 600E instrument, equipped with a Waters 996 Photodiode Array Detector for simultaneous detection at three different wavelengths. Ion-molecular weights of purified probes were determined by mass spectrometry using a 
Cell culture and microinjection
For microinjection experiments and life cell observation, U2OS (human osteosarcoma) cells and R9G cells were cultured on coverslips in 3.5 cm Petri dishes (Mattek, Ashland, MA) in RPMI 1640, without phenol red supplemented with 5% fetal calf serum and buffered with 25 mM HEPES buffer to pH 7.2 (Life Technologies, Breda, The Netherlands). R9G is a rat fibroblast cell line harboring a tandem repeat of 50 copies of the HCMV IE gene in one of the rat chromosomes (29) (30) (31) . To induce the S-phase dependent HCMV IE gene expression, 50 µg/ml cycloheximide (Sigma, St Louis, MO) was added to the culture medium, 3-4 h prior to injection. The temperature of the culture medium was kept at 37°C using a heated ring surrounding the culture chamber and a microscope objective heater (Bioptechs, Butler, PA). For microinjection, a Narishige IM 300 microinjector (Narishige, Tokyo, Japan) was used. Needles with a tip inner diameter of ∼0.5 µm were pulled from glass capillaries (no. MTW100F-3 WPI, Aston, UK) on a Sutter micropipette puller (p97, Sutter instrument company, Novato, CA). Probes were dissolved in a buffer containing 80 mM KCl, 10 mM K 2 PO 4 , 4 mM NaCl pH 7.2 to a final concentration of 5 µM and microinjected in the cytoplasm of cells. The optimal concentration and the amount of probe molecules injected was determined on the basis of a series of initial experiments taking the intensity of the hybridization signals and cell viability into account. Typically, for each probe about 50 cells were injected and monitored over time. Representative cells were selected and analyzed by digital fluorescence microscopy.
RNA-FISH on fixed cells
To detect the various RNAs in fixed cells, in situ hybridization was performed essentially as described previously (32) . In brief, U2OS cells were fixed in 3.7% formaldehyde, 5% acetic acid in PBS for 15 min at room temperature. The cells were pretreated for 1 min with 0.1% pepsin pH 2.0 at 37°C before hybridization. The 2′ OMe RNA probes were dissolved in 40% deionized formamide/2× SSC pH 7.4 and the DNA probes were dissolved in 10% deionized formamide/2× SSC. Hybridization mixture (10 µl) containing 50 nM probe was applied on cells grown on glass slides and covered with an 18 × 18 mm coverslip. Slides were put on an 80°C hot plate for 2 min to denature nucleic acids and then incubated for 2 h at 37°C for hybridization. To remove excess of probe, slides were rinsed in 2× SSC for 5 min, 2× SSC/10% formamide for 10 min, 2× SSC for 5 min. Cells were then mounted in VectaShield (Vector Laboratories, Burlingame, CA).
Construction and expression of GFP-fusion proteins
The cDNAs encoding ASF/SF2 and fibrillarin were generated by RT-PCR and cloned into the pEGFP-C1 vector (Clontech, Palo Alto, CA) as described previously (9) . The resulting plasmid constructs were microinjected into cells (50 ng/µl H 2 O), and cells showing GFP-expression were injected 24 h after transfection with antisense probes.
Life cell imaging
Microinjection and life cell imaging was performed on a Zeiss Axiovert 135 TV microscope (Zeiss, Jena, Germany), equipped with a 100 W mercury arc lamp. The objectives used were a 40×/NA 1.30 Plan Neofluar phase and a 100×/NA 1.30 Plan Neofluar phase. Tetramethylrhodamine (TAMRA) labeled probes were detected using a filter set consisting of a 546/10 nm BP filter, a 580 nm DM and a 590 LP barrier filter. Images were acquired using a cooled charged coupled device camera (type PXL, Photometrix, Tucson, AZ). At various time points after microinjection, images were acquired and fluorescence distribution patterns were analyzed. Typical exposure times were 1-2 s.
RESULTS
U1 snRNA and U3 snRNA, 28 S rRNA and poly(A) are present in high amounts in a cell, and specific nuclear compartments, such as nucleoli, speckles and Cajal bodies are enriched for some of these RNA species. U1 snRNA is a component of 'spliceosomes', structures that are responsible for mRNA splicing (33) ; U3 snRNA has a function in rRNA processing, and is mainly localized in nucleoli (34) . Poly(A) RNA, representing mRNA or pre-mRNA, is present throughout the nucleoplasm and concentrated in speckles and also in the cytoplasm (35, 36) , and 28S rRNA is localized in nucleoli and cytoplasm. The high expression from the HCMV IE gene integration sites generates a local nuclear track consisting of transcript (31) . For each of these targets four different types of probes were synthesized: linear 2′ OMe RNA probes, molecular beacon 2′ OMe RNA probes, linear DNA probes and molecular beacon DNA probes, and used for hybridization in fixed and living cells. Probe sequences and the fluorescent labels that were used are listed in Table 1 .
Linear 2′ OMe RNA probes
Probes were injected in the cytoplasm of U2OS cells, causing less damage to the cells compared to nuclear injections. Within 60 s of injection, all probes accumulated in the nucleus, an observation that is in agreement with earlier studies (37, 38) . Microinjected fluorescent linear 2′ OMe RNA probes to U1 snRNA were visible in speckles, Cajal bodies and throughout the nucleoplasm (Fig. 1C) , excluding nucleoli, in agreement with earlier studies (22, 39, 40) . The U3 snRNA 2′ OMe RNA probe was found to localize in nucleoli and in the nucleoplasm (Fig. 1G ). Nucleoli were identified in phase contrast images (Fig. 1B, D , F and H). Similar staining patterns were observed when these probes were hybridized on fixed cells ( Fig. 1A and E), indicating that they specifically hybridized to their respective RNA targets in living cells. In general the signal intensity of hybridized probe was higher in fixed cells compared to that in living cells. The pepsine-treatment and the denaturation step that are applied in FISH on fixed cells make the RNA more accessible for the probe, causing a much higher hybridization efficiency compared to that in living cells. Post-hybridization washing steps removed the unbound probe from fixed cells. The homogeneous nucleoplasmic staining observed with the U3 snRNA probe in living cells, that obscured the detection of U3 snRNA in Cajal bodies, was not observed in fixed cells (Fig. 1E) . The microinjected cells were followed for several days and underwent mitosis. Similar localization patterns were observed in daughter cells (not shown). This indicated that the probes did not interfere with cell vitality. When non-fluorescent probes for U1 snRNA and U3 snRNA were injected in a 5-fold higher concentration prior to injection of fluorescent probes, the specific hybridization pattern was not obtained (data not shown), indicating blocking of the hybridization sites. Following microinjection in U2OS cells, fluorescent linear 2′ OMe RNA probes designed to hybridize to 28S rRNA or poly(A) RNA localized at the expected nuclear sites. Ribosomal RNA was detected in nucleoli (Fig. 2C) and poly(A) RNA was detected in speckles and throughout the nucleoplasm (Fig. 2G) . Similar nuclear hybridization patterns were obtained when these probes were hybridized to fixed cells (Fig. 2A) . However, in fixed cells, the nucleoplasmic staining was less pronounced and the contrast between speckles and nucleoplasm was more apparent (Fig. 2E) . The cytoplasmic staining of 28S rRNA and poly(A) RNA observed in fixed cells ( Fig. 2A and E) was not observed in living cells (Fig. 2C and G), due to a rapid accumulation of the probes in the nucleus. Only a very low concentration of all injected probes could be observed in the cytoplasm.
To further prove the specificity of hybridization in live cells, cells were microinjected with control probes without a specific target sequence. Microinjection of the poly(A) 18 2′ OMe RNA probe resulted in a diffuse staining throughout the nucleoplasm without revealing any specific hybridization pattern (Fig. 2K) . A similar diffuse staining was observed when non-induced rat 9G cells or U2OS cells were microinjected with a 2′ OMe RNA probe specific for HCMV IE RNA (not shown).
Detection of the transcription site of CMV RNA in living R9G cells
As 2′ OMe RNA oligonucleotides were shown to hybridize to high abundant RNAs in living cells these probes were subsequently used to detect CMV IE mRNA in a transformed rat fibroblast cell line. Induced R9G cells were microinjected with up to five TAMRA-labeled 2′ OMe RNA oligonucleotides specific for IE mRNA. Injection of single probes did not result in specific hybridization signals. Nevertheless, when a mixture of three 2′ OMe RNA oligonucleotides (I, II and IV in Table 1 ) was injected, a fluorescent dot representing IE RNA at the integrated IE gene repeat was visible (Fig. 3A ). This nuclear signal was similar to the one observed in fixed cells after FISH with these probes (Fig. 3B) , and as observed in previous studies (31, 41) . In addition to the fluorescent dot, live cells revealed a homogeneous fluorescent staining throughout the nucleus including nucleoli. This can be ascribed to nonhybridized probes and non-specifically hybridized probes. Cytoplasmic IE mRNA could not be detected in living cells.
2′ OMe RNA molecular beacons
To test their performance in living cells, 2′ OMe RNA molecular beacon probes specific for U1 and U3 snRNA, for 28S rRNA and for poly(A) RNA were designed. As control probes, a poly(A) beacon and an HCMV IE mRNA specific 2′ OMe RNA beacon were used (Table 1 ). Since not much is known about the hybridization kinetics of these types of probes in living cells, all molecular beacons were tested in solution for specificity for their target sequences and their ability to fluoresce upon hybridization (not shown). 2′ OMe RNA molecular beacons specific for U1 snRNA, U3 snRNA, 28S rRNA and poly(A) RNA microinjected in U2OS cells showed initially a very low signal intensity because they are in a closed and thus quenched form. However, after 5-10 min, the signal intensity increased steadily throughout the nucleus following injection and similar localization patterns were observed as obtained with linear 2′ OMe RNA probes (Fig. 4) . Overall, the maximal signal intensity achieved with the molecular beacons was 2-3-fold lower compared to the linear probes. This difference in intensity was also observed when the comparison was performed on fixed cells (data not shown). In addition to nuclear compartments a diffuse background staining of the nucleoplasm was observed following microinjection of the beacon probes in living cells. This background staining was independent from specific hybridization to an RNA target, since opening of the molecular beacon also occurred when 2′ OMe RNA beacons were injected with no RNA target in U2OS cells. This was observed after injection of a beacon with a loop containing only 18 adenines or a beacon specific for HCMV IE RNA (not shown).
To find the optimal beacon probe structure for hybridization in living cells, probes for U3 snRNA and poly(A) RNA with different stem-loop lengths were tested ( Table 1 ). The altered probe structures did not result in improved signal-to-noise ratios. For example, a poly(U) molecular beacon with a length of 28 bases (loop, 18 bases; stem, 5 bp) and a molecular beacon with a length of 36 bases (loop, 22 bases; stem, 7 bp) were used to detect poly(A) tails in live cells. Microinjection of the 28 base probe resulted in the specific 'speckled' pattern that was obtained with the linear probe, although the intensity of the signals was 2-3-fold lower (not shown). Injection of the 36 base probe resulted in a diffuse nuclear staining (Fig. 4E) , similar to that obtained with the non-specific poly(A) beacon (Fig. 4G ).
The performance of linear and molecular beacon DNA probes
To test the theoretical advantage of 2′ OMe RNA probes compared to unmodified oligodeoxynucleotides for detecting RNA species in vivo, we directly compared the two types of probes. Linear fluorescent DNA probes with the same sequences as the 2′ OMe RNA probes (Table 1) were synthesized. Upon microinjection, all DNA probes rapidly accumulated in the cell nucleus which resulted in a diffuse staining, without revealing any specific hybridization pattern (Fig. 5) . Hybridization on fixed cells indicated that the probes were specific for their RNA target (data not shown). These results suggest that in living cells, linear DNA probes have an insufficient affinity for the RNA target sequences to allow specific and stable hybridization. The inability to show specific hybridization was not caused by degradation of the probes, since the observations were done within minutes of injection of the probes, and the half-life of DNA oligonucleotides injected in living cells was shown to be 15 min (42) . It is feasible that a low percentage of the injected DNA oligonucleotides did in fact hybridize to the target RNA, but that the relatively dim specific signal was very much disturbed by the high amount of the non-specific staining. Even 35 and 40 base long DNA probes for 28S rRNA (Fig. 5A ) and poly(A) RNA (Fig. 5B) , possessing higher affinities compared to the 15-22 base probes, did not result in distinct localization patterns in living cells. Also molecular beacon DNA probes for the same targets did not reveal a specific hybridization pattern in living cells upon injection.
Combined RNA and protein detection in living cells
Having established that linear 2′ OMe RNA probes are suited for detection of RNA species in living cells, we examined the possibility to simultaneously detect RNA and protein molecules in living cells. U2OS cells were transiently transfected with GFP expression vectors containing the coding sequences for alternative splicing factor (ASF) and fibrillarin and expressing cells were microinjected with a 2′ OMe RNA probe. Figure 6A-D shows the simultaneous detection of ASF-GFP together with poly(A) RNA in a living cell. As expected from previous localization studies on fixed cells, ASF and poly(A) RNA were shown to co-localize in a speckled pattern. Fibrillarin-GFP, which localizes to nucleoli and Cajal bodies (9) , was shown to co-localize with U1 snRNA in Cajal Bodies (Fig. 6E-H) . These results indicate that proteins and RNA species can be visualized simultaneously in living cells without disturbing their integrity. The simultaneous labeling of RNA and proteins in living cells not only allows microscopic co-localization studies as was shown here, but could also provide the opportunity to study their interaction, by applying RNA-Protein Fluorescence Resonance Energy Transfer (FRET).
DISCUSSION
In this study we evaluated the performance of different probe types, for the detection of representatives of the major RNA classes, rRNA, snRNA, poly(A) RNA and a specific mRNA, in living cells. Our results show that 2′ OMe RNA probes can be designed such that they hybridize with high specificity to the corresponding target sequences in living cells without affecting cell vitality, and that they are superior to DNA oligonucleotides. Cells microinjected with the 2′ OMe RNA probes could be monitored for several days and underwent mitosis, showing that processes like transcription and proliferation were not irreversibly disturbed. Long-term observation however was only found possible when low light level illumination was applied, in order to prevent fluorescence fading and phototoxic effects. As was observed before (37, 38, 43) , oligonucleotide probes rapidly entered the cell nucleus after microinjection in the cytoplasm, and specific hybridization patterns were observed within 1-2 min irrespective of the target RNA. This suggests that oligonucleotide probes can move freely throughout the cell nucleus.
RNA targets in the cytoplasm could not be labeled presumably because rapid entrapment of the probes in the nucleus caused depletion of the cytoplasm and prevented successful hybridization to cytoplasmic RNA targets. One possibility to overcome this nuclear entry of probes when injected in the cytoplasm, is to couple a high molecular weight tag to the oligonucleotide.
Tsuji et al. (18) used streptavidin to tag oligonucleotide probes to detect mRNA in the cytoplasm. Alternatively, oligo-peptide conjugates, where the peptide sequence is a nuclear export signal, could be tested (44) . Interestingly, 24 h after injection of a probe to poly(A) tails, an increase in cytoplasmic signal was observed, suggestive for the export of mRNA from the nucleus to the cytoplasm. This signal, however, could also have been derived from degradation products.
Using linear 2′ OMe RNA probes, U1 and U3 snRNA, 28S rRNA and poly(A) RNA were detected with high signal-to-noise ratios, indicating that the majority of the injected probe was hybridized specifically to the RNA of interest. This was particularly true when the injected amount of probe was estimated to be lower or equal to the number of target RNA molecules. The probes for U1 and U3 snRNA and poly(A) RNA that localized to specific nuclear compartments as speckles, Cajal bodies and nucleoli, were also found present throughout the nucleoplasm. Since this diffuse staining was much weaker after FISH on fixed cells, it is possible that part of this signal is derived from non-hybridized fractions of probes.
HCMV IE mRNA was detected as a single confined spot in the nucleus. This shows that the high concentration of HCMV IE mRNA that is present at the transcribing HCMV gene cluster can be detected in living cells, and suggests that this method provides a useful additional tool for the visualization of gene activity in vivo. The IE mRNAs emanating from the transcription site towards the cytoplasm, as revealed by FISH on fixed cells (31), could however not be detected. This could be attributed to a low signal-to-noise ratio. Interestingly, Sei-Iida et al. (45) observed that DNA probes hybridize efficiently to RNA molecules in vitro during or just after synthesis and less efficiently after folding. Thus, also in vivo, the nascent RNA transcripts are probably better accessible for probes compared to the folded mRNA-protein complexes in transport through the nucleus. The efficiency of hybridization of antisense probes to mRNA varies along the target sequence, depending on secondary RNA structures and proteins occupying the probe binding sites (18) . Testing a series of probes along the sequence may identify the most optimal probes for a particular mRNA. In this study 2′ OMe RNA oligonucleotides were shown to be well suited for detection of highly abundant nuclear RNA targets in living cells. The fact that 2′ OMe RNA probes and RNA form a hybrid that is not degraded by RNase H, whereas DNA/RNA and RNA/RNA hybrids do form substrates for this enzyme, is an additional argument to use the 2′ OMe modification. DNA analogs that were shown to have a higher affinity or specificity for RNA, such as 2′ allyl RNA (46), 2′ methoxy-ethoxy (2′ Moe) RNA (47, 48) , peptide nucleic acids (PNAs) (49) and several others, could possibly be used to further optimize hybridization in living cells.
Reducing or eliminating signals from unbound or nonspecifically bound probe
The key question is whether the signals obtained by in vivo hybridization are actually derived from probes specifically hybridized to RNA. To reduce or circumvent the contribution of unwanted signals from unbound or non-specifically bound probes, a method may be applied that enables discrimination between signals derived from probes bound specifically to the RNA target and signals from unbound or non-specifically bound probes.
Therefore, we tested a series of molecular beacons for RNA detection in living cells. In vitro experiments demonstrated the improved specificity of 2′ OMe RNA molecular beacons compared to 2′ OMe RNA linear probes in vitro (data not shown). We could not confirm the beneficial properties of molecular beacons for detecting RNA targets in living cells. Although 2′ OMe RNA molecular beacons showed specific hybridization in our study and were applied before in live cells by Matsuo et al. (25) and Sokol et al. (19) , for all RNAs in this study the linear probes showed better signal-to-noise ratios than molecular beacons. In general, the molecular beacons used by us showed lower affinity for RNA targets in fixed and living cells. Specific as well as control beacons were shown to open up shortly after entering the cell nucleus, indicating that their non-specific interaction with nuclear proteins or nucleic acids imposes a conformational change leading to fluorescence. Recently, it has been shown that a beacon type structure can be recognized by lactate dehydrogenase (50) , and since many nuclear proteins can interact with structural motives present in RNA molecules, it is well possible that such interactions occur with molecular beacons, resulting in fluorescence regardless of specific hybridization.
Sixou et al. (51) proposed an alternative method to discriminate between specific and non-specific hybridization based on (Fig. 1 ), but have a lower signal-to-noise ratio. A molecular beacon targeted to poly(A) RNA consisting of a 22 base loop and a 7 bp stem showed only a very vague specific staining (E), compared to the linear probe (Fig. 2G) . The overall intensity was lower for molecular beacons. For none of the RNAs that were targeted, a molecular beacon showed hybridization with an improved contrast. The control poly(A) molecular beacon probe does not show a specific hybridization pattern (G). Corresponding phase contrast images (B, D, F and H). FRET. Recently Tsuji et al. (18) applied this method by using adjacently hybridizing probes, labeled 3′ and 5′ with donor and acceptor molecules, respectively, thereby facilitating FRET. This approach was used to detect cFos mRNA in transfected COS cells using Bodipy 493/503 and Cy5 labeled DNA oligonucleotides. For the detection of FRET it is required that both probes are simultaneously hybridized on the target molecule, demanding very efficient probe hybridization. For this reason, high affinity probes should improve FRET efficiency.
In conclusion, linear 2′ OMe RNA antisense probes promise to be a general applicable probe type allowing the detection of various endogenous nuclear RNAs in living cells, without interfering with cell vitality. In addition, we demonstrate that simultaneous detection of RNA species with GFP-tagged proteins is very feasible, opening a way to study the molecular interactions involved in RNA transcription, processing and transport in living cells.
